Electronic Imaging Apparatus 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to an electronic imaging apparatus 
in which control of light quantity is carried out by a system 
in which the internal transmi t tance of an optical system is 
changed instead of a system in which the diameter of an opening 
of an aperture stop is changed, among conventional systems for 
controlling quantity of light. 
2 . Description of the Related Art 

In electronic imaging apparatus including the latest digital 
camera, miniaturization and thinning of it have been 
progressing. Such miniaturization and thinning are largely 
owing to miniaturization of an electric circuit and a recording 
medium. 

As a result of the miniaturization of the electric circuit 
and the recording medium, the proportion of the size to the whole 
imaging apparatus of the optical system has been increasing 
relatively. Then, the miniaturization is being made through 
the miniaturization of an image sensor about an optical system, 
especially in a zoom lens. For example, the miniaturization 
and the thinning have been carried out by using mechanical means 
such as so-called collapsible barrel in which an optical system 
is pushed out at the time of photographing and is contained inside 
of the case of an electronic imaging apparatus at the time of 
carrying i t , 
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However, as the miniaturization progresses, limit in 
miniaturizing whole optical system in proportion to progress 
of miniaturization of an image sensor has arisen, because of 
the limit of physical processing of lens element constituting 
an optical system, the limit of the strength of mechanism and 
the limit of manufacture accuracy, etc. 

Then, reduction of constituent elements to utmost limit has 
been attempted by using an aspherical surface and glass material 
having high refractive index and low dispersion. However, it 
has also reached at the limit on keeping of basic specification 
and correction of aberrations. 

Therefore, miniaturization of the volume and whole length of 
an optical system and thinning profile in the depth direction 
at the collapsed state mentioned above have already reached at 
the limit in such conventional constitution that optical 
elements are arranged along a straight line. 

Then, as a method of realizing of thin profile to depth direction 
especially, a method using a reflective surface for bending an 
optical path in an optical system has been proposed. 

It has also been proposed that in order to simplify mechanism, 
for example, two or more elec trochromic elements where the 
wavelength ranges of the plurality of penetration light differ 
each other are used by combining them instead of an optical filter 
or a dichroic mirror, (refer to Japanese Examined Patent 
Application Publication Toku Kou Hei No.5- 27083 and Japanese 
Unexamined Patent Application Publication No. Toku Kou Hei 
No , 11-160739) . 

SUMMARY OF THE INVENTION 
An electronic imaging apparatus according to the present 
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invention comprises a first optical element having at least one 
reflective surface or having at least one flat surface and two 
transparent surfaces, chemical substance which enables to change 
light transmi t tance by chemical change according to electric 
quantity, a second optical element having a transparent surface 
or a reflective surface, and an optical system having an optical 
component which is arranged so as to sandwich the chemical substance 
by one of surfaces of the first optical element and one of surfaces 
of the second optical element. 

In the electronic imaging apparatus according to the present 
invention, it is desirable that the spectrum transmi t tance 
satisfies the following condition at whole range of r min< r 520 
<_ r max and the whole transmi t tance of the first optical element, 
the chemical substance and the second optical element at the 
wavelength of 520nm is r520 , 

0.70 < r440/r520 < 1.20 
0.80 < r 600/r 520 < 1.30 

where r x (x is a number) is the transmi ttance at the wavelength 
of xnm. 

The electronic imaging apparatus according to the present 
invention, it is desirable that it comprises the optical system 
and an electronic imaging element wherein the following condition 
is satisfied: 

F>a ( a <_ 3 .5/ um ) 
where F is fully opened F value of the said optical system where 
a focal length is in the shortest state, and reference symbol a_ 
represents a pixel pitch (micrometer) of a picture element in the 
horizontal or the vertical direction of the electronic imaging 
element which converts an ob j ec t image obtained through the optical 
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system into an electric signal. 

The electronic imaging apparatus according to the present 
invention, it is desirable that a lens group at the utmost image 
side in the optical system is fixed when magnification is changed. 

The electronic imaging apparatus according to the present 
invention, it is desirable that a lens group at the utmost image 
side in the optical system is constituted, as a whole, with one 
lens component, and one of the optical elements having a refractive 
power constituting the lens component is the first optical element. 

The electronic imaging apparatus according to the present 
invention, it is desirable that a movable group at the utmost image 
side in the optical system has focusing function. 

It is desirable that the electronic imaging apparatus according 
to the present invention comprises a prism and at least one 
reflective surface for bending an optical path. 

It is desirable that in the electronic imaging apparatus according 
to the present invention, the first optical element is the prism, 
the chemical substance is arranged so as to be contacted with one 
of the flat surface of the prism, and the second optical element 
is arranged so that the flat surface of the second optical element 
is contacted with the chemical substance from an opposite side 
of the prism and, one of the optical surfaces of the second optical 
element is constituted as a reflecting surface for bending the 
optical path. 

It is desirable that in the electronic imaging apparatus according 
to the present invention, the optical system is constituted with 
a zoom lens . 

It is desirable that in the electronic imaging apparatus according 
to the present invention, the thickness from the surface top of 
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the utmost object side to an imaging position of the zoom lens 
is less than 20mm in the state that the zoom lens is collapsed 
in the electronic imaging apparatus. 

It is desirable that the electronic imaging apparatus according 
to the present invention comprises a prism and at least one 
reflecting surface for bending an optical path at the object side 
than the lens of the utmost object side in all group which is movable 
when magnification is changed. 

It is desirable that in the electronic imaging apparatus according 
to the present invention, the prism is arranged, developed along 
the optical path from the object, at the utmost object side in 
the optical system. 

It is desirable that in the electronic imaging apparatus according 
to the present invention; a surface of the prism at the utmost 
object side developed along the optical path from the object is 
concave . 

It is desirable that in the electronic imaging apparatus according 
to the present invention, the optical system comprises at least 
a lens group having positive refracting power, which moves 
monotonously toward the object side when the magnification is 
changed from the wide angle end to the telephoto end. 

It is desirable that in the electronic imaging apparatus according 
to the present invention, the lens group is constituted with two 
groups having three lenses, where a positive lens and a cemented 
lens having a positive lens and a negative lens are arranged in 
order from the object side. 

It is desirable that in the electronic imaging apparatus according 
to the present invention; the lens group is arranged at the image 
side than an aperture stop side. 
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It is desirable the electronic imaging apparatus according to 
the present invention comprises the aperture stop whose position 
in the direction of the optical axis is fixed when magnification 
is changed and a lens group having negative refracting power which 
moves toward the object side than the aperture stop side when 
magnification is changed. 

It is desirable that in the electronic imaging apparatus according 
to the present invention, the lens group having negative refractive 
power is constituted, in order from the object side, with a double 
concave lens and a positive lens. 

It is desirable that in the electronic imaging.appara tus according 
to the present invention, the refraction index of the prism is 
1.68 or more than 1.68. 

It is desirable that the electronic imaging apparatus according 
to the present invention comprises means for controlling 
electrically an electric signal in relation with a picture image 
obtained from a state of the optical system and the imaging element, 
and transmi ttance of the medium respectively. 

The electronic imaging apparatus according to the present 
invention comprises a first optical element having a flat surface 
and a surface with refracting power, or a flat surface and a 
reflecting surface, a chemical substance which enables to change 
light transmi ttance by chemical change according to electric 
quantity, a second optical element having a transparent surface 
or a reflecting surface and a flat surface, and an optical system 
having an optical component arranged so as to sandwich the chemical 
substance by the flat surface of the first optical element and 
the flat surface of the second optical element. 

It is desirable that in the electronic imaging apparatus according 
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to the present invention, the first optical element is either one 
of a lens having a surface with refracting power and a flat surface, 
a lens consisting of only surfaces with refracting power, a prism 
or a shape variable mirror. 

It is desirable that in the electronic imaging apparatus according 
to the present invention, the second optical element is either 
oneof aparallelplane board, a lens having a surface with refracting 
power and a flat surface, or a lens consisting of only surface 
with refracting power. 

It is desirable that in the electronic imaging apparatus according 
to the present invention , an optical system satisfying the following 
condition is used: 

-0.05 <(Ra-Rc)/ (Ra+Rc) < 0.05 

where R a is a curvature radius of the surface of the first optical 
element contacted with the chemical substance and Rc is a curvature 
radius of the surface of the second optical element contacted with 
the chemical substance. 

According to the present invention, a thin-type electronic 
imaging apparatus which is small sized , particularly very thin 
in the depth direction, and enables to adjust light quantity in 
sufficiently wide range can be provided. 

These and other features and advantages of the present 
invention will become apparent from the following detailed 
description of the preferred embodiments when taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG.IA, IB and IC are sectional views showing an optical 
arrangement, developed along the optical axis, at the wide angle, 
middle and telephoto positions, respectively, in focusing of the 
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infinite object point, about the first embodiment of an electronic 
imaging apparatus according to the present invention. 

Fig, ID is an enlarged detailed view showing the third lens 
group of the electronic imaging apparatus shown in Fig.lA. 

FIG.2A, 2B and 2C are sectional views showing an optical 
arrangement, developed along the optical axis, at the wide-angle, 
middle and telephoto positions, respectively, in focusing of the 
infinite object point, about the second embodiment of an electronic 
imaging apparatus according to the present invention. 

FIG.3A, 3B and 3C are sectional views showing an optical 
arrangement, developed along the optical axis, at the wide-angle, 
middle and telephoto positions, respectively, in focusing of the 
infinite object point, about the third embodiment of an electronic 
imaging apparatus according to the present invention. 

FIG. 4 is a sectional vies showing an optical arrangement, 
developed along the optical axis, at the wide-angle position, in 
focusing of the infinite object point, when an optical path is 
bent, about the fourth embodiment of an electronic imaging apparatus 
according to the present invention. 

FIG.5A, 5B and 5C are sectional views showing an optical 
arrangement, developed along the optical axis, at the wide-angle 
middle and telephoto positions, respectively, in focusing of the 
infinite ob j ectpoint, about the el ec tronic imaging apparatus shown 
in Fig . 4 . 

FIG. 6 is a sectional vies showing an optical arrangement, 
developed along the optical axis, at the wide-angle position, in 
focusing of the infinite object point, when an optical path is 
bent, about the fifth embodiment of an electronic imaging apparatus 
according to the present invention. 
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FIG.7A, 7B and 7C are sectional views showing an optical 
arrangement, developed along the optical axis, at the wide-angle 
middle and telephoto positions, respectively, in focusing of the 
infinite object point, about the electronic imaging apparatus shown 
in Fig . 6 . 

FIG. 8 is a sectional vies showing an optical arrangement, 
developed along the optical axis, at the wide-angle position, in 
focusing of the infinite object point, when an optical path is 
bent, about the sixth embodiment of an electronic imaging apparatus 
according to the present invention. 

FIG. 9 is a sectional vies showing an optical arrangement, 
developed along the optical axis, at the wide-angle position, in 
focusing of the infinite object point, when an optical path is 
bent, about the seventh embodiment of an electronic imaging 
apparatus according to the present invention. 

FIG. 10 is a sectional vies showing an optical arrangement, 
developed along the optical axis, at the wide-angle position, in 
focusing of the infinite object point, when an optical path is 
bent, about the eighth embodiment of an electronic imaging apparatus 
according to the present invention. 

FIG.llA, IIB and lie are sectional views showing an optical 
arrangement, developed along the optical axis, at the wide-angle 
middle and telephoto positions, respectively, in focusing of the 
infinite object point, about the ninth embodiment of an electronic 
imaging apparatus according to the present invention. 

FIG. 12 is a sectional vies showing an optical arrangement, 
developed along the optical axis, at the wide-angle position, in 
focusing of the infinite object point, when an optical path is 
bent, about the tenth embodiment of an electronic imaging apparatus 
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according to the present invention. 

FIG.13A, 14B and 15C are sectional views showing an optical 
arrangement, developed along the optical axis, at the wide angle 
middle and telephoto positions, respectively, in focusing of the 
infinite object point, about an electronic imaging apparatus shown 
in Fig. 12. 

Fig. 14 is a graph showing spectral characteristics of 
elec trochromic element using a media used as chemical substance 
B of the present invention in each embodiment according to the 
present invention . 

Fig. 15 is a front perspective view showing a digital camera 
equipped with an electronic imaging apparatus according to the 
present invention . 

Fig. 16 is a rear perspective view of the digital camera shown 
in Fig . 15 . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Prior to the explanation of embodiments, the action and ef 
feet of the present invention will be explained. 

The said chemical substance Bis, for example , a chemical subs tance 
in an e 1 ec t rochromi c element. 

This chemical substance is extremely thin in itself and it can 
be incorporated in an optical system only by being sandwiched with 
glass flat plates from both sides. 

However, in such constitution, if a glass flat plate is used, 
some of the space is occupied for the thickness of it. 

However, if a part of optical elements in the optical system 
is made to play a role of glass flat plate instead of sandwiching 
the chemical substance B by the glass flat plates as shown in the 
present invention, the space for the thickness to be used for glass 
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flat plates at both sides of the chemical substance B becomes 
unnecessary, and futility can be excluded. 

For example, as an optical element A, an optical element which 
has a surface having refracting power and a flat surface 
respectively , like a flat-convex lens or a flat-concave lens, is 
used. On the other hand, a parallel plane board is used as an optical 
element C. 

And by constituting that the chemical substance B is sandwiched 
between the flat surface of the optical element A and the flat 
surface of the optical element C, it is not necessary to use two 
sheets of transparent flat board for the purpose of sandwiching 
only the chemical substance B (refer to Fig. ID) . 

The surfaces sandwiching the chemical substance B do not need 
to be flat . 

For example, it is supposed that a flat-concave lens is used 
as the optical element A and a flat-convex lens is used as the 
optical element C. 

In this case, the convex surface of the optical element A and 
the concave surface of the optical element C are faced each other 
and the chemical substance B can be sandwiched between them. 

It is much better that the radius of curvature of the convex 
surface and that of the concave surface are approximately equal . 

In such constitution, it is desirable that the following condition 
(1) is satisfied : 

- 0.05 < (Ra-Rc) / (Ra + Rc) < 0.05 (1) 

where R^ is the radius of curvature of the surface of the optical 
element A contacted with the chemical substance B, and Rc is the 
radius of curvature of the surface of the optical element C contacted 
with the chemical substance B. 
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If the condition (1) is satisfied, unevenness of light quantity 
can be suppressed small because the difference between the thickness 
of the chemical substance B near the optical axis and the thickness 
of the chemical substance B at the position distant from the optical 
axis does not occur. 

In addition, as seen in the present invention, when sandwiching 
the chemical substance by the optical element A and the optical 
element C, it is good to dispose a transparent electrode between 
the chemical substance B and the optical element A, and between 
the optical element C and the chemical substance B like the case 
where the chemical substance B is sandwiched by transparent flat 
plates . 

In the present invention, color reproduction when 
transmi t tance is changed can be secured if the spectrum of 
transmi t tance of the optical element A, the chemical substance 
B and the optical element C as a whole are set to be within a 
predetermined range. 

It is good that the transmi t tance spectrum satisfies the 
following conditions (2) and (3) in the whole range of r min 
<^ r 520 <^ rmax, where the transmi t tance of the light with 
wavelength of 520nm when passing the optical element A, the 
chemical substance B and the whole optical element C is r 520 . 
0.70 < , r 440/r 520 < 1.20 •••(2) 
0.80 < r 600/ r 520 < 1.30 '"(3) 
where rx (x is a number) is the transmi t tance of the light of 
wavelength xnm . That is, r 440 is the transmi t tance of the light 
with wavelength of 440nm, and r 600 is the transmi t tance of the 
light with wavelength of 600nm. 

Here, r min is the minimum transmi t tance when the chemical 
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substance is in the most opaque state and r max is the maximum 
transmi t tance when the chemical substance is in the most 
transparent state . 

Here, T min and t max will be explained. For example, an 
elec trochromic element as the chemical substance B becomes in 
the state where transmi t tance is high, and the state where 
transmi t tance i s low , as shown in Fig . 14 by applying two di f fer en t 
predetermined voltages . 

Here, in the state where transmi t tance is the highest, the 
elec trochromic element is in the most transparent state. 

On the other hand, in the state where transmi t tance is the 
lowest, the elec trochromic element is in the most opaque state. 

Therefore, r min is the minimum transmi t tance when the chemical 
substance B is in the most opaque state, and r max is the maximum 
transmi t tance when the chemical substance B is in the most 
transparent state . 

For example, in case that r min <^ r 520 <_ rmax, r min is the 
minimum transmi t tance at the wavelength of 520nm when the 
chemical substance B is in the most opaque state. 

And T max is the maximum transmi t tance at the wavelength of 520nm 
when the chemical substance B is in the most transparent state. 

It is desirable that the ranges of the conditions mentioned a 
bove are satisfied, since it does not bring difficulty to prepa 
re a color balance, and the noise by adjustments of quality of 
image such as a color balance, etc. does not increase. 

Fig. 14 shows an example of the characteristics of r min and 
rmax at the wavelength band in 350nm - 700nm. 

In Fig. 14, an upper graph (77.0%, 81.0%, 80.5%) shows the 
situation of rmax, and a lower graph (16.5%, 18.0%, 18.5%) shows 
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the situation of tmin. 

Furthermore, it is much better to satisfy the following conditions 
(2 ' ) and (3 • ) . 

0.75 < r 440/r 520 < 1.15 " ( 2 • ) 

0.85 < r 600/ r 520 < 1.25 •••{3') 
Furthermore, it is much more desirable that the following 
conditions (2") and (3") are satisfied. 

0.80 < r 440/r 520 < 1.10 —(2") 
0. 90 < r 600/r 520 < 1.20 '-(3") 
Although infrared cut coating may be made on the optical element 
A or the optical element C, the said conditions (2) and (3) specify 
the conditions about the transmi t tance before the coating is made. 
0. 60 < r 600/ r 520 < 1. 00 (3a) 
In case that an infrared cut coating is made to the optical element 
A or the optical element C, it is good to satisfy the following 
condition {3a) instead of the condition (3). 

0. 60 < r 600/ r 520 < 1. 00 (3a) 
It is much better to satisfy the following condition (3a'). 

0. 65 < r 600/r 520 < 0.95 •••(3a') 
Furthermore, it is much more desirable that the following (3a") 
is satisfied. 

0.70 < r 600/r 520 < 0.90 •••(3a'') 
otherwise, in case that an infrared absorbent material is used 
as the optical element A or the optical element C, it is good to 
satisfy the following condition (3b) instead of the condition (3) . 
0.40 < r 600/r 520 < 0.80 •••(3b) 
It is much better to satisfy the following condition (3b'). 

0.45 < r 600/ r 520 < 0.75 --(Sb ') 

Furthermore, it is much more desirable that the following 
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condition {3b") is satisfied. 

0. 50 < r 600/ r 520 < 0. 70 ••{3b") 

In the imaging apparatus of the present invention, an electronic 
imaging element having so fine pixel pitch that influence of 
diffraction cannot be disregarded is used for the propose of the 
miniaturization . 

In general, the influence of the diffraction affecting on the 
quality of image cannot be neglected when the following condition 
{4) is realized, where F represents fully opened F value at the 
shortest focal length of an optical system and reference symbol 
a (um) represents a pixel pitch in the vertical or horizontal 
direction of an electronic imaging element. 

F >a (a£3.5/zm)--(4) 

However, if the light quantity control system according to the 
present invention mentioned above is used, the influence of the 
diffraction on the quality of image in case that the condition 
{4) is satisfied can be effectively reduced. 

It is more effective in case that the following condition (4*) 
is satisfied. 

F >1.2*a {a<^3.5) (4') 

Furthermore, it is much more effective in case that the following 
condition (4") is satisfied. 

F >1.4*a (a<^3.5) ... {4") 

Next, explanation will be made with respect to optical systems. 

Since connection with lines is needed for the optical elements 
A and C in order to apply voltage to the said chemical substance 
B through the said transparent electrodes, it is desirable that 
they are not moved as much as possible in magni fi cat ion or focusing . 

It is most efficient to fix a lens group which is at the utmost 
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image side in lens groups having refracting power, in view points 
of the easiness of correction of aberration and ensuring of the 
space for arranging optical elements. This is the same in the case 
of a single focal lens system (optical system not having 
magnification changing function) and in the case of a zoom lens 
system (optical system having magnification changing function) . 

Accordingly, in the present invention, a lens group which is 
at the utmost image side group in a single focal lens system or 
in a zoom lens system is fixed when magnification is changed, and 
this lens group consists of only one lens component. And this lens 
component is constituted to comprise an optical element having 
refracting power, and the role of the optical element A is given 
to one of optical elements having refracting power. The lens group 
which is at the utmost image side may be a lens component or a 
single lens itself. The optical element C can be a lens, an optical 
element having a reflective surface, an optical low pass filter, 
etc. In addition, it is better to carry out focusing by a lens group 
which is at the image side as much as possible. By this way, its 
mechanism can be simple and moreover, degradation of performance 
by focusing can be reduced. 

Therefore, in the present invention, when an optical system has 
a movable group, it is good to give focusing function to a movable 
group which is at the utmost image side among movable groups. 

It is desirable that particularly in the constitution having 
the last lens group which is always fixed, focusing function is 
given to a lens group arranged just before the last lens group. 

In the present invention, the chemical substance B in which the 
t ransmi t tance of light can be changed by chemical change according 
to amount of electricity is used also in constitution where the 
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optical path is bent in order to make thin thickness in the depth 
direction of an electronic imaging apparatus. 

Concretely, the optical element A is used as a prism and the 
chemical substance B is arranged so as to contact with one of flat 
surfaces of this prism. And the optical element C is arranged so 
that the flat surface of the optical element C contacts to the 
chemical substance B from the opposite side of the prism. 
Furthermore, one of optical surfaces of the optical element C is 
used as a reflective surface. In this way, an optical system having 
a bent optical path can be realized by using a prism (optical element 
A) and an optical element (optical element C) having at least one 
reflective surface. Moreover, adjustment of light quantity can 
be carried out by the chemical substance B. 

By this arrangement, light passes the chemical substance B twice 
and the ratio of the maximum value and the minimum value of the 
t ransmi t tance of whole optical sys t em become s approximately sequre 
Accodingly, light quantity control range can be extended largely. 

Since, at present, a zoom lens is mainly used as an optical system 
for small electronic imaging apparatus, it is good to apply the 
light quantity control system of the present invention mentioned 
above to a zoom lens . 

In the zoom lens, as mentioned above, it has become one of 
mainstreams to adopt the so-called collapsible barrel type in 
which an optical system is projected out of camera body at the 
time of photographing and is contained at collapsed state in camera 
body at the time of carrying . However, it is in a difficult situation 
to make thin profile at the time that the lens body is at collapsed 
state due to restrictions of the space for a shutter, an aperture 
stop, a filter, etc. 
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If the light quantity control system of the present invention 
mentioned above is used also in the zoom lens, the depth of an 
optical system when the electronic imaging apparatus is at collapsed 
state (the thickness from surface top at the utmost object side 
of an optical system to an image forming position) can be less 
than 2 0mm. 

Also in the zoom lens, it is another main stream to apply an 
optical system having bent optical path. Particularly, the optical 
system comprising a prism and at least one reflective surface for 
bending an optical path which areatthe obj ect side than the position 
of movable groups arranged at the utmost object side is mainly 
in use . 

Then, the constitution of the present invention is applicable 
also to the zoom lens having such constitution mentioned above. 

In the constitution in this case, as same as mentioned above, 
a prism is used as an optical element A, and the chemical substance 
B is arranged so as to contact with one of flat surfaces of the 
prism . 

And the optical element C is arranged so that a flat surface 
of the optical element C may contact with the chemical substance 
B from the opposite side of the prism. 

Furthermore, one of optical surfaces of the said optical element 
C is made as a reflective surface. 

In order that thickness in the depth direction is made thin, 
it is necessary that a point of bending an optical path is set 
closely, as much as possible , to the incident surface of the optical 
system . 

For this reason, in the present invention, it is good that a 
prism is arranged, along the optical path from the object, at the 
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utmost object side of the optical system. In this case, it is good 
that a surface of the prism which is at the utmost object side 
along the optical path (incident surface) is concave in order that 
an incidence pupil position is made shallow and a prism is 
miniaturized as much as possible. 

In the case of a zoom lens, it is good that it comprises at least 
a lens group B having refracting power which moves to the object 
side monotonuesly when magnification is changed from a wide angle 
end to a telephoto end. Thus, by such constitution, an incidence 
pupil position can be made shallow and a prism can be minia tur i z ed . 

In this case, it is good that the lens group B is constituted 
with two groups with three lenses where a positive lens and a cemented 
lens having a positive lens and a negative lens are arranged in 
order from the object side. By such constitution, magnification 
efficency by movement of the lens group B can be improved and 
manufacture error can be less influenced. It is better that the 
lens group B is arranged at an image side than an aperture stop, 
in viewpoint of making an incidence pupil shallow. 

Furthermore, it is good that the position of the aperture stop 
at the optical axis remains fixed when magnification is changed. 
By this way, mechanism such as a shutter for exposure besides the 
aperture stop do not need to move when magnification is changed, 
and accordingly it is advantageous for miniaturization. If the 
position of the aperture stop is fixed, magnification range movable 
in the lens group B will narrow. In this case, a required 
magnification range can be secured, if the lens group which has 
negative refracting power and moves when magnification is changed, 
is arranged at the object side than the aperture stop. 

In this case, it is good that the lens group having negative 
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refracting power is constituted with a small number of lenses as 
much as possible, as it is constituted with only two lenses which 
are a double convex lens and a positive lens arranged in order 
from the object side. By such constitution, the space for movement 
of a lens can be secured. 

In addition, in the present invention, it is better that the 
index of refraction of the said prism in an optical system having 
bent optical path is higher as much as possible, more than 1.68 
(it is better when it is more than 1.75 and it is best if it 
is more than 1,80). 

In the present invention, it is good that an electronic im 
aging apparatus is equipped with means to control electrical 
ly state of the said optical system, an electrical signal re 
lated to the image obtained from an electronic imaging eleme 
nt and a transmi t tance of the said medium respectively. 

Hereafter, embodiments of the present invention will be 
explained using drawings. 

The first embodiment 

FIG.IA, IB and IC are sectional views showing an optical 
arrangement, developed along the optical axis, at the wide-angle, 
middle and telephoto positions, respectively, in focusing of the 
infinite object point, about the first embodiment of an electronic 
imaging apparatus according to the present invention. 

The electronic imaging apparatus of the first embodiment 
comprises in order from the object side an optical system 
containing an optical elements according to the present invention . 

In Fig.l, reference numeral I represents an image plane of CD 
that is an electronic imaging element and CG is a cover glass. 
Here, the aspect ratio of an effective imaging area is 3:4. 
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The optical system of the first embodiment comprises , in order 
from the object side, the first lens group Gl , an aperture stop 
S , the second lens group G2 and the third lens group G3 . 

The first lens group Gl comprises, in order from an object 
side, a negative meniscus lens Lli having a convex surface 
directed to the object side and a positive meniscus lens Lla 
having a convex surface directed to the object side. 

The second lens group G2 comprises , in order from the object 
side, a cemented lens L22 which is constituted with a positive 
meniscus lens L2i having a convex surface directed to the object 
side and a negative meniscus lens L22 having a convex surface 
directed to the object side, and a positive double convex lens 
L23 . 

The third lens group G3 comprises, in order from the object 
side, a positive lens L3i having a flat and a convex surface 
, the concave surface of which is directed toward the object 
side and the flat surface of which is directed toward the image 
side as an optical element A of a the present invention , and 
a double flat transparent glass plate LBj as an optical element 
C of the present invention. 

One lens component as a whole, is constituted, where a medium 
(for example, chemical substance used in the elec trochromic 
element with the spectrum characteristic shown in Fig. 14) in 
which transmi t tance of light varies by chemical change according 
to the amount of electricity as a chemical substance B of a the 
present invention is sandwiched between the flat plate of the 
positive lens L3i having a flat and concave surface and the 
opposite surface of the glass plate L32. 

Moreover, a transparent electrode (illustration is not shown) 
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is arranged between the positive lens L3i having a flat and a 
concave surface and the said medium, and between the said medium 
and the glass plate L32 respectively. 

In case that the magnification is changed from a wide angle 
end to a telephoto end at focusing infinite object, it is 
constituted that the first lens group Gl moves once to the image 
side, and it moves to the object side, and then aperture stop 
S and the second lens group G2 move to the object side, and 
meanwhile the position of the third lens group G3 is fixed. 

At the time of focusing operation, the third lens group G3 
moves on the optical axis. 

In addition, the electronic imaging apparatus of this embodiment 
is equipped with a control means which controls electrically the 
state of the said optical system, the electrical signal relevant 
to the image obtained from an electronic imaging element and the 
transmi t tance of the said medium respectively. This is the same 
also in each embodiment. 

Next, numerical data of optical members constituting the 
electronic imaging apparatus of the first embodiment is listed 

below. In the numerical data, ri, T2, denote in order from an 

object side radii of curvature of individual lens surfaces; di , 

d2 , denote in order from an object side thickness of individual 

lenses or air space between them; nai , nd2 * denote in order from 

an object side refractive indices of individual lenses at the d 

line; and v^i* Vd2» denotes in order from an object side Abbe • s 

numbers of individual lenses. Fno denotes F number, f denotes 
whole focal length and DO denotes the distance from an object 
to the first surface. The unit of r, d, f , and DO is mm. Also, 
when z is taken as the coordinate in the direction of the optical 



22 



axis, y is taken as the coordinate normal to the optical axis, 
K represents a conic constant, and A4, As, Ag, and Aio represent 
aspherical coefficients, the configuration of each of the 
aspherical surface is expressed by the following equation: 
z = (yVr) / [1+{1- (1 + K) (y/r)^}^/'] 
+ A4y* + Agy^ * Agy® + Aioy^° 
These reference symbols hold for the numerical data of embodiments 
to be described later. 
Numerical data 1 
ri= 105 ,4577 

di= 0.7000 ndi=l. 74320 Vdi=49,34 

r2= 3.9727 (aspherical) 

d2= 2 . 0000 
ra = 7 . 8813 

d3 = 1.8000 nd3 = l. 84666 Vd3=23.78 

r4= 15 . 2512 

d4 = D4 
r5 = oo (aperture stop) 

d5= -0.2989 
r6 = 4 . 17 11 (aspherical) 

d6=2.4000 nd6=l. 74320 Vd6=49.34 

r7= 14 - 0000 

d7= 0.5000 nd7=l. 84666 Vd7=23.78 

r 8= 4 . 0392 

d8 = 0 . 4000 
r9= 17 . 9917 

d9= 1.3000 na9=l. 69680 Vd9=55.53 

rio= -9.0360 

dio = D10 
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rii= 10.0255 

<aii= 1.4000 ncni=l. 48749 Vdii=70.23 

di2= 0.6000 ndi2=l-48749 ^^,12 = 70. 23 

ri3=oo 

di3 = D13 

di4= 0.6000 ndi4=l. 51633 Vdi4=64.14 

di5 = D15 
ri6 = ^ (image plane) 
aspherical coefficient 
The second surface 
K»0 

A4 =-1.8236X10*^^ Afi =2, 4632X10"^ A8=-1.0007XlO~ 

Aio= 0 

The sixth surface 
K= 0 

A4 =-1.0581X10'^ Ag =-2. 1424X10"^ Ag =-2. 7764X10 

Aio= 0 
Zoom data 

DO (the distance of the first surface from the object ) is 
wide angle end middle telephoto end 



f (mm) 4.53930 8.6 9240 12.90055 

Fno. 2.5426 3.5056 4.4907 

DO 00 00 . 00 

D4 10.23627 3.79486 1.50000 

DIO 5.18649 10.56797 16.02634 

D13 1.80000 1.80000 1.80000 
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D15 1.35264 1.35528 1.35529 

The second embodiment 

FIG.2A, 2B and 2C are sectional views showing an optical 
arrangement, developed along the optical axis, at the wide-angle, 
middle and telephoto positions, respectively, in focusing of the 
infinite object point, about the second embodiment of an electronic 
imaging apparatus according to the present invention. 

The electronic imaging apparatus of the second embodiment 
comprises in order from the object side an optical system 
including optical component according to the present invention. 

In Fig. 2, reference numeral I represents an image plane of CCD 
that is an electronic imaging element and CG is a cover glass. 

Here, the aspect ratio of an effective imaging area is 3:4. 

The optical system of the second embodiment comprises , in order 
from the object side, the first lens group Gl, an aperture stop 
S , the second lens group G2 , the third lens group G3 and the 
fourth lens group G4 . 

The first lens group Gl comprises, in order from the object 
side, a double concave lens Lli having negative detraction power 
and a positive meniscus lens LI2 having a convex surface directed 
to the object side. 

The second lens group G2 comprises, in order from the object 
side, a double convex lens L2i having positive refracting power 
and a negative meniscus lens L22 having a convex surface directed 
to the object side. 

The third lens group G3 comprises a positive meniscus lens 
L31 having a convex surface directed toward the object side. 

The fourth lens group G4 comprises, in order from the object 
side, a positive lens L4i having a flat surface directed toword 
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the image side and a convex surface directed toward the object 
side as an optical element A of a the present invention, a double 
flat transparent glass plate L42 as an optical element C of the 
present invention and a low pass filter LF. 

Then, a medium (for example, chemical substance used in the 
elec trochromic element with the spectrum characteristic shown 
in Fig. 14) in which transmi t tance of light varies by chemical 
change according to the amount of electricity as a chemical 
substance B of the present invention is sandwiched between the 
flat surface of the positive lens L4i having a flat and a concave 
surface and the opposite surface of the glass plate L42, and 
the glass plate L42 and low pass filter LF are cemen ted , whereby 
one lens component as a whole is constituted. 

Moreover, a transparent electrode (illustration is not shown) 
is arranged between the positive lens L4i having a flat and a 
concave surface and the said medium, and between the said medium 
and the glass plate L42 respectively. 

In case that the magnification is changed from a wide angle 
end to a telephoto end at focusing infinite object, it is 
constituted that the first lens group Gl moves to the object 
side once after having moved to the image side, and the aperture 
stop S and the second lens group G2 move to the object side, and 
the position of the third lens group G3 is moved toward the object 
side so as to narrow the distance from the second lens group 
once after having widened slightly the distance. 

The position of the fourth lens group G4 remains fixed. 
At the time of focusing operation, the third lens group G3 moves 
on the optical axis. 

Next, data of optical members constituting the electronic imaging 
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apparatus of the second embodiment is listed below. 
Numerical data 2 
r 1 = -150 . 1310 

di= 0.7000 ndi=l. 74320 Vdi=49.34 

r2 = 4 . 90 04 (a spherical) 

d2=2.4176 
r 3 = 10 . 7774 

d3 = 2.0000 nci3 = l. 84666 Vd3=23.78 

r4= 26.6528 

d4 = D4 

r5= oo 

d5= 0.8000 
j-g = oo (aperture stop) 

dfi = - 0 . 1 0 0 0 
r7 = 4.6720 (aspherical) 

d7= 2.2000 nd7=l. 74320 Vc7=49.34 

r8= -31 . 5317 

d8= 0.2000 
r9=11.5148 

d9= 0.7000 nd9=l. 84666 Vd9=23.78 

rio= 3.5872 

dio= DIO 
rii= 12 .2101 

dii= 1.2000 ndii=l. 69680 Vdii=55.53 

ri2= 60.4963 

di2=FD12 
ri 3=14. 2283 (aspherical) 

di3= 1.3000 ndi3=l. 74320 ydi3=49.34 

ri4 = ~ 



cli4= 0 . 6000 ndi4=l. 74320 Vdi4=49.34 

di5= 0,1000 ndi5=l. 51633 Vcii5=64.14 

ri6= ^ 

di6=D16 

di7= 0 . 7500 ndi7=l. 51633 Vdi7=64.14 

di8 = D18 
ri9=c» (image plane) 
di9= 0 

aspherical coef f icient 
The second surface 
K=0 

A4 ==-1.0701X10"^ Afi =5. 8959X10"^ Ag =-2, 3038X10"* 

Aio=0 

The seventh surface 
K«0 

A4 = -1.0831X10"^ As = -2, 1195X10"^ A8=-2.0599Xl0~* 

Aio= 0 

The thirteenth surface 
K=0 

A4 =6. 5428X10"'' Afi =-4. 8351X10"^ Ag =2. 5499X10" « 

Aio= 0 
Zoom data 

DO (the distance of the first surface from the object ) is 00. 

wide angle end middle telephoto end 

F(mm) 4.50687 8.69376 12.89387 

Fno. 2.6413 3.6209 4,5432 
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DO OO oo oo 

D4 13.30618 4.75184 1.50000 

DIO 1.50000 3.08274 2.70000 

D12 4.74901 9.41971 14.70741 

D16 1.30000 1.30000 1.30000 

Die 1.27824 1.26808 1.27439 



The third embodiment 

FIG.3A, 3B and 3C are sectional views showing an optical 
arrangement, developed along the optical axis, at the wide-angle, 
middle and telephoto positions, respectively, in focusing of the 
infinite object point, about the third embodiment of an electronic 
imaging apparatus according to the present invention. 

The electronic imaging apparatus of the third embodiment 
comprises , in order from the obj ect side , an optical system having 
optical component according to the present invention. In Fig. 3, 
reference numeral I represents an image plane of CCD that is an 
electronic imaging element and CG is a cover glass. Here, the aspect 
ratio of an effective imaging area is 3:4. 

The optical system of the third embodiment comprises, in order 
from the object side, the first lens group Gl , an aperture stop 
S , the second lens group G2 and the third lens group G3 , the 
fourth lens group G4 . 

The first lens group Gl consists of a negative meniscus lens 
Lli having a convex surface directed to the object side and a 
positive meniscus lens LI2 having a convex surface directed to 
the object side. 

The second lens group G2 comprises , in order from the object 
side, a cemented lens L22 which is constituted with a positive 
meniscus lens L2i having a convex surface directed to the object 
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side and a negative meniscus lens L22 having a convex surface 
directed to the object side, and a positive double convex lens 
L23 . 

The third lens group G3 comprises a negative double concave 
lens L3i" . 

The fourth lens group G4 comprises, in order from the object 
side, a double flat transparent glass plate L41' as an optical 
element C of the present invention. And a medium (for example, 
chemical substance used in the elec trochromic element with the 
spectrum characteristic shown in Fig. 14) in which transmi t tance 
of light varies by chemical change according to the amount of 
electricity as a chemical substance B of the present invention 
is sandwiched between the flat surface of the positive lens L42 
having a flat and a concave surface and the opposite surface 
of the glass plate L4i', whereby one lens component as a whole 
is constituted. 

In case that the magnification is changed from a wide angle 
end to a telephoto end at focusing infinite object, it is 
constituted that the first lens group Gl moves once to the image 
side, and it moves to the object side and the aperture stop S 
and the second lens group G2 move to the object side, and 
meanwhilethe third lens group G3 move to the object side so 
as to widen slightly the distance from the lens group 2 once 
after having narrowed the distance from the lens group 2. 

Meanwhile the position of the fourth lens group G4 is remains 
fixed. 

At the time of focusing operation, the third lens group G3 
moves on the optical axis. 

Next, data of optical members constituting the electronic imaging 
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apparatus of the third embodiment is listed below. 
Numerical data 3 
ri= 59 . 5785 

di== 0.8000 nd 1= 1 . 74320 Vdi=49.34 

r2 = 5 . 2020 (a spherical) 

d2= 1 . 7628 
r3== 7 .4090 

d3= 1.8000 nc3=l. 80518 Vd3=25.42 

r4= 12 . 1145 

d4 = D4 
r5 = oo (aperture stop) 

d5= -0.2000 
r6 = 3 . 804 3 (a spherical) 

d6= 2.0000 nd6=l. 80610 Vd6 = 40.92 

r7= 14 . 5000 

dv =0.6000 nd7=l. 84666 Vd7 = 23.78 

r8= 3 . 3540 

d8= 0 . 3500 
r9= 12 . 6410 

d9= 1 . 3000 nd9=l-77250 Vd9=49.60 

rio= -8 . 3014 

dio= 0.8126 

dii= Dll 
ri2= -31 . 5077 

di2= 0.6000 ndi2=l-80100 Vdi2=34.97 

ri3= 24 . 0651 

di3 = D13 

ri, = oo 



di4=0.6 0 00 nd 14 =1.74320 Vd 14 =49. 34 

di5= 1.6000 ndi5=l. 74320 Vdi5=49.34 

ri6=-8.8748 (a spherical) 
di6 = D16 

di7= 0 . 7000 ndi7=l. 51633 Vdi7=64,14 

di8 = D18 
r^g=co (image plane) 
di9=0 

aspherical coefficient 
The second surface 
K=0 

A4 =-4. 1214X10"^ Ae =5. 9789X10"^ A8=-1.4243Xl0~* 

Aio= 0 

The sixth surface 
K= 0 

A4=-1.1522X10~3 Afi = -5,4640X10"^ As =-1.6607X10 

Aio= 0 

The sixteenth surface 
K= 0 

A4 =7. 3474X10"^ Ag =1.3929X10"^ A8=-2.065lXlO"^ 

Aio= 0 
Zoom data 

DO (the distance of the first surface from the object ) is 

wide angle end middle telephoto end 

F(mm) 4.53596 8.69926 12.88691 

Fno. 2.6768 3.7425 4.5083 
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DO cx) oo OD 

D4 13.46349 5.72601 1.50000 

Dll 1.72541 0.60000 1.78838 

D13 1.20000 6.55121 7.63629 

D16 0.70000 0.70000 0.70000 

D18 1.20758 1.18734 1.20631 



The fourth embodiment 

FIG. 4 is a sectional view showing an optical arrangement, 
developed along the optical axis, at the wide-angle position, in 
focusing at the infinite object point, when an optical path is 
bent, about the fourth embodiment of an electronic imaging apparatus 
according to the present invention . FIG.5A,5B and 5C are sectional 
views showing an optical arrangement, developed along the optical 
axis, at the wide-angle, middle and the telephote end position, 
in focusing at the infinite object point of the electronic imaging 
apparatus shown in Fig. 4. 

The electronic imaging apparatus of the fourth embodiment 
comprises in order from an object side an optical system having 
an optical component according to the present invention. 

In Fig. 4 and 5, reference numeral I represents an image plane 
of CCD that is an electronic imaging element and CG is a cover 
glass. Here, the aspect ratio of an effective imaging area is 3:4. 

The optical system of the first embodiment comprises , in order 
from the object side, the first lens group Gl,the second lens 
group G2, an aperture stop S , the third lens group G3 , the 
fourth lens group G4 and the fifth lens group G5 . 

The first lens group Gl comprises, in order from an object side, 
a reflecting optical element Rl for bending an optical path and 
a double positive lens Lli" . 
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The reflecting optical element Rl comprising an incident 
surface Rli and ann reflecting surface RI2 for bending the optical 
path is constituted as an reflecting prism for bending the optical 
path by 90° . The incident surface is formed to be concave. The 
bending direction is tranverse direction. 

The second lens group G2 comprises , in order from the object 
side, a double concave lens L2i" and a positive meniscus lens 
L22" , and it has negative refracting power as a whole. 

The third lens group G3 comprises as the lens group B of the 
present invention mentioned above , in order from the ob j ec t side , 
a positive double convex lens L3i"' and a cemented lens having 
a positive double convex lens L32' and a negative double concave 
L33, and it has positive refracting power as a whole. 

The fourth lens group G4 comprises a positive meniscus lens 
4i" having a convex surface directed toword the object side. 

The fifth lens group G5 comprises, a positive lens L5i as an 
optical element A of a the present invention having a convex 
surface directed toward the object side and a flat surface 
directed toword the image side, and a transparent double glass 
plate L52 as an optical element C of a the present invention. 

Then, a medium (for example, chemical substance used in the 
elec trochromic element with the spectrum characteristic shown 
in Fig. 14) in which transmi t tance of light varies by chemical 
change according to the amount of electricity as the chemical 
substance B of the present invention is sandwiched between the 
flat surface of the positive lens L5i having a flat and concave 
surface and the opposite surface of the glass plate L52 , whereby 
one lens component as a whole is constituted. 

Moreover, a transparent electrode (illustration is not shown) 
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is arranged between the positive lens L5i having a flat and a 
concave surface and the said medium, and between the said medium 
and the glass plate L52 respectively. 

In case that the magnification is changed from a wide angle 
end to a telephoto end at focusing infinite object, it is 
constituted that the first lens group Gl is fixed, the second 
lens group G2 move to the image side, the aperture stop S is 
fixed, the third lens group G3 moves monotoneously to the object 
side and the fourth lens group G4 is fixed. The fifth lens group 
G5 always remains fixed. 

At the time of focusing operation, it is constituted that the 
fourth lens group G4 moves on the optical axis. 

Next, data of optical members constituting the electronic imaging 
apparatus of the fourth embodiment is listed below. 
Numerical data 4 

ri=-9,4859 (a spherical) 

di= 8.2000 ncii=l. 80518 Vdi=25.42 

r2 = oo 

d2= 0.1500 
r3=9.6065 ( a spherical) 

da =2, 3000 nd3=l. 78800 Vd3=47.37 

r4= -36 .4986 

d4 = D4 

r5=-12.3968 (a spherical) 

d5= 0.8000 nd5=l. 74320 Vd5=49.34 

r6 = 5 . 08 58 (aspherical) 

de= 0 .6000 
r7= 7 . 3484 

d7= 1.5000 nd7=l. 84666 Vd7 = 23.78 
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r8=29.6119 

d8 = D8 
r9=oo (aperture stop) 

d9 = D9 

rio=10.5086 (a spherical) 

dio=5.8760 Hd 10 =1.69350 

rii=-7.0163 (a spherical) 

dii= 0 . 1500 
ri2= 8 . 6746 

di2= 2 .4979 
ri3= -12 . 1398 

di3= 0 . 7000 
ri4= 4.2315 

di4 = D14 
ri5= 6.0862 

di5= 1.8000 
ri6= 9.5635 

di6=D16 
r 17 =12. 1887 (a spherical) 



r2o 



r2i 



Hd 12= 1 . 51742 



Qd 15= 1 . 48749 



di7= 1 . 6000 



Hd 17= 1 . 80100 



ri9=oo 



= oo 



= oo 



d2o= 0.6000 



Hd 20= 1 . 51633 



d2i = D21 
r22=^ (image plane) 



V d 10= 53 .21 



V di2=52 .43 



V d 15=70 . 23 



V di7=34.97 



di8= 0.6000 ndi8=l. 80100 Vdi8=34.97 



di9= 0.7000 



V 



d 20 ' 



64 . 14 
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a spherical coefficient 

The first surface 

K«0 

A4=9.5404X10"'* Afi =-1.2031X10"^ Ag =1.1895X10"^ 

Aio=0 

The third surface 
K=0 

A4 =-5. 2340X10"^ Afi =1.2356X10"® A8=2.2489Xl0~® 

Aio= 0 

The fifth surface 
K=0 

A4 =-8. 7469X10"^ As =1.3456X10"^ As =-5. 7822X10" 

Aio= 0 

The sixth surface 
K=0 

A4=-1.9294X10~^ Ac =1.9498X10"^ As =-1.2402X10" 

Aio= 0 

The tenth surface 
K=0 

A4 =-8. 4900X10"^ Ac =-1.8004X10"^ Ae =-2, 1920X10 

Aio= 0 

The eleventh surface 
K=0 

A4 =2. 4762X10"* A6=-l. 7028X10"^ As =-1. 8814X10" 

Aio= 0 

The seventeenth surface 
K=0 

A4 =1.6647X10"* Ac =-6. 3255X10"® As =-7. 4085X10" 
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Aio= 0 
Zoom data 

DO (the distance of the first surface from the object ) is cx>. 





wide angle end 


middle 


telephoto 


F (mm) 


4.60560 


7 . 80020 


13.19911 


Fno. 


2.8592 


3 . 5822 


4.5098 


DO 


CO 


CO 


GO 


D4 


0 . 997 95 


3.90838 


6.57349 


D8 


6 . 47497 


3.557 12 


0.89929 


D9 


5 . 54237 


3.30342 


0 . 99746 


D14 


1.37919 


3.63268 


5.92102 


D16 


1.19597 


1.19822 


1.19922 


D21 


0.89956 


0.88402 


0.89933 



The fifth embodiment 

FIG. 6 is a sectional vies showing an optical arrangement, 
developed along the optical axis, at the wide-angle position, in 
focusing of the infinite object point, when an optical path is 
bent, about the fifth embodiment of an electronic imaging apparatus 
according to the present invention. 

FIG.7A, 7B and 70 are sectional views showing an optical 
arrangement, developed along the optical axis, at the wide angle, 
middle and telephoto position respectively, in focusing of the 
infinite obj ectpoint, about the electronic imaging apparatus shown 
in Fig . 6 . 

The electronic imaging apparatus of the fifth embodiment 
comprises in order from the object side an optical system 
including an optical elements according to the present invention. 
In Fig. 6 and 7, reference symbol I represents an image plane of 
CCD that is an electronic imaging element and CG is a cover glass. 
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Here, the aspect ratio of an effective imaging area is 3:4. 

The optical system of the fifth embodiment comprises , in order 
from the object side, the first lens group Gl, an aperture stop 
S , the second lens group G2 , the third lens group G3 and the 
fourth lens group G4 . 

The first lens group Gl comprises, in order from an object 
side, a negative meniscus lens Lli having a convex surface 
directed to the object side and a reflecting optical element 
Rl for bending an optical path , a double negative lensLla' 
and a double positive lens LI3. 

The reflecting optical element Rl comprising an incident 
surface R li and ann reflecting surface R I2 for bending the 
optical path is constituted as an reflecting prism for bending 
the optical path by 90° . The bending direction is tranverse 
direction . 

The second lens group G2 as a lens group B of the present 
invention mentioned above comprises, in order from the object 
side, a positive double convex lens L2i' and a cemented lens 
having a positive dobuble convex lens L22"' and a negative 
double concave lens L23' , and it has positive refracting power 
as a whole . 

The third lens group G3 comprises a positive meniscus lens 
L3i' having a convex surface directed toword the object side. 

The fourth lens group G4 comprises , in order from the object 
side, a positive lens L4i as an optical element A of a the present 
invention having a convex surface directed toward the object 
side and a flat surface directed toword the image side, and a 
transparent glass plate L42 having double flat surface as an 
optical element C of the present invention. 
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A medium (for example, chemical substance used in the 
elec trochromic element with the spectrum characteristic shown 
in Fig. 14) in which transmi t tance of light varies by chemical 
change according to the amount of electricity as the chemical 
substance B of a the present invention is sandwiched between 
the flat surface of the positive lens L4i having a flat and a 
concave surface and the mating surface of the glass plate L42 
, whereby one lens component as a whole is constituted. 

Moreover, a transparent electrode (illustration is not shown) 
is arranged between the positive lens L4i having a flat and a 
concave surf ace and the said medium, and between the said medium 
and the glass plate L42 respectively. 

In case that the magnification is changed from a wide angle 
end to a telephoto end at focusing infinite object, it is 
constituted that the first lens group Gl is fixed, aperture stop 
S and the second lens group G2 move to the object side, and the 
third lens group G3 moves toward the object side so as to narrow 
slightly once after having widened the distance from the lens 
group G2 , and the fourth lens group G4 always remains fixed. At 
the time of focusing operation, the third lens group G3 moves 
on the optical axis. 

Next, data of optical members constituting the electronic imaging 
apparatus of the fifth embodiment is listed below. 
Numerical data 5 

ri= 16.0621 

di= 1.2000 ndi=l. 80610 Vcii=40.92 

r2= 8 . 3645 

d2= 2 .9000 

r3 = oo 
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^3= 12.5000 .11^ 3= 1.78590 Vd3 = 44.20 

oo 

d4 = 0 . 4100 
-31 . 2818 

d5= 1.0000 nci5=l. 80610 Vds=40.92 

8.7365 (a spherical) 

d6= 1.0000 
14.3 899 

d7 =1.8200 nd7=l-717 3 6 Vd7=29.52 

-24-1035 

d8 = D8 
CO (aperture stop) 

d9= 1.0000 
=8.7325 (aspherical) 

dio= 2.3000 nd 10= 1 - 80610 Vdio=40.92 

= -33 .2830 

dii=0.1500 
=15.6487 

di2 = 2.7000 Hd 12= 1 . 69350 Vdi2=53.21 

=-15.0000 

di3= 0.8000 ndi3=l. 80518 Vdi3=25.42 

=5.4464 

di4 = D14 
=16.0980 

di5= 1.6000 ndi5=l. 48749 Vdi5=70,23 

=189.4865 

di6==D16 
=18.7236 (aspherical) 

di7= 1.5000 ndi7=l. 69350 Vdi7=53.21 
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ri8 = ~ 



rio = oo 



r2i = oo 



cli8= 0.6000 



di9= 0.8000 



cl2o= 0.6000 



rid 18= 1 . 69350 



Hd 20= 1 • 51633 



V di8=53,21 



V d 20= 64 . 14 



d2i = D21 
^22=^ (image plane) 

d22= 0 

aspherical coefficient 
the sixth surface 
K= 0 

A4 =-3. 6707X10"* Ag =3. 8769X10"^ As =-1.3374X10" 

Aio= 0 

the tenth surface 
K= 0 

A4 =-2. 3323X10"* As =-8. 7577X10"^ As =-3.8688X10 

Aio= 0 

the seventeenth surface 
K= 0 

A4 =-2. 4780X10"* Ae =1.1220X10"^ Aq =-3. 8744X10" 

Aio= 0 
Zoom data 

DO (the distance of the first surface from the object ) is 

wide angle end middle telephoto end 

f(mm) 6.00205 9.32999 14.49987 

Fno. 2.8339 3.6263 4.5287 

DO 00 OD 00 
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D8 



14.54324 



7.74846 



1.50004 



D14 



1.99997 



7.53021 



5 . 90077 



D16 



5 . 56252 



6.84013 



14 .70483 



D21 



2.64284 



2 . 62311 



2 . 64285 



The sixth embodiment 

FIG. 8 is a sectional view showing an optical arrangement, 
developed along the optical axis, at the wide angle position, in 
focusing of the infinite object point, when an optical path is 
bent, about the sixth embodiment of an electronic imaging apparatus 
according to the present invention. 

The electronic imaging apparatus of the sixth embodiment is 
a modification of the fourth embodiment shown in Figs. 4 and 
5, and the reflecting optical element Rl in the first group is 
constituted as the optical component mentioned above in the 
present invention instead of the fifth lens group G5 . 

Reflecting optical element Rl is constituted as prism P used 
as an optical element A of the present invention and the second 
surface RI2 foremd on a flat surface on the prism is arranged 
so as to contact with a medium (for example, chemical substance 
used in the elec trochromic element with the spectrum 
characteristic shown in Fig. 14) in which transmi t tance of light 
varies by chemical change according to the amount of electricity 
as the chemical substance B of the present invention, and a 
reflecting film is coated on the medium or a flat shape member 
having a reflecting film is arranged to contact with the medium, 
whereby one optical component as a whole is constituted. 

Moreover, a transparent electrode (illustration is not shown) 
is arranged between the second surface R I2 of the prism and the 
said medium, and between the said medium and the reflecting film 
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respectively . 

Moreover, the fifth lens group G5 consists of only a positive 
lense L5i having a flat surface and a convex surface. Other 
constitutions are almost same as that of the electronic imaging 
apparatus of the fourth embodiment. 

In addition, a transparent member having flat surfaces is 
used as a flat plate shape member having reflecting film and 

reflecting coating can be carried out on either one of the 
flat surfaces. 

other constitutions are almost same as that of the electronic 
imaging apparatus of the fifth embodiment. 
The seventh embodiment 

FIG. 9 is a sectional view showing an optical arrangement, 
developed along the optical axis, at the wide angle position, in 
focusing of the infinite object point, when an optical path is 
bent, about the seventh embodiment of an electronic imaging 
apparatus according to the present invention. 

The electronic imaging apparatus of the seventh embodiment 
is a modification of the fifth embodiment shown in Figs. 6 and 
7, and the reflecting optical element Rl in the first group is 
constituted as the optical component mentioned above in the 
present invention instead of the fourth lens group G4 . 

Reflecting optical element Rl is constituted as prism P which 
is used as an optical element A of the present invention and the 
second surface RI2 f oremd on aflat surface on the prism is arranged 
so as to contact with a medium (for example, chemical substance 
used in the elec trochromic element with the spectrum 
characteristic shown in Fig. 14) in which t ransmi t tance of light 
varies by chemical change according to the amount of electricity 
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as the chemical substance B of the present invention, and a 
reflecting film is coated on the medium or a flat shape member 
having a reflecting film is arranged to contact with the medium, 
whereby one optical component as a whole is constituted. 

Moreover, a transparent electrode (illustration is not shown) 
is arranged between the second surface Rlaofa variable form mirror 
and the said medium, and between the said medium and the reflecting 
film respectively. 

The fourth lens group G4 consists of only a positive lense 
L4i having a flat surface and a convex surface. 

In addition, a transparent member having flat surfaces is used 
asaflatplate shape member having reflecting film and reflecting 
coating can be carried out on either one of the flat surfaces. 

Other constitutions are almost same as that of the electro 
nic imaging apparatus of the fifth embodiment. 
The eighth embodiment 

FIG. 10 is a sectional view showing an optical arrangement, 
developed along the optical axis, at the wide angle position, in 
focusing of the inf ini te. obj ect point, when an optical path is 
bent , about the eighth embodiment of an electronic imaging apparatus 
according to the present invention. 

The electronic imaging apparatus of the eight embodiment is 
a modification of the fifth embodiment shown in Figs . 6 and 7, 
and the reflecting optical element Rl in the first group is 
constituted as the optical component mentioned above in the 
present invention instead of the fourth lens group G4 . 

Reflecting optical element Rl having an incident surface Rli, 
an reflecting surface RI2 for bending an optical path and an exit 
surface RI3 are constituted as prism P for bending the optical 
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path by 90** which is used as an optical element A of the present 
invention and it is arranged so as to contact with a medium (for 
example, chemical substance used in the electrochromic element 
with the spectrum characteristic shown in Fig. 14) in which 
transmi t tance of light varies by chemical change according to 
the amount of electricity as the chemical substance B of the 
present invention, and a thin transparent protecting film layer 
is coated to the medium, whereby one optical component as a whole 
is constituted. 

Moreover, a transparent electrode (illustration is not shown) 
is arranged between the reflecting surface Rli' of a variable 
form mirror and the said medium, and between the said medium 
and the thin transparent protecting film layer respectively. 

The fourth lens group G4 is constituted with only a positive 
flat-covex lens L4i. 

Other constitutions are almost same as that of the electronic 
imaging apparatus of the fifth embodiment. 
The nineth embodiment 

FIG.llA, IIB and lie are sectional views showing an optical 
arrangement, developed along the optical axis, at the wide angle 
middle and telephoto position respectively, in focusing of the 
infinite object point, about the ninth embodiment of an electronic 
imaging apparatus according to the present invention. 

The electronic imaging apparatus of the fourth embodiment 
comprises in order from an object side an optical system having 
an optical component according to the present invention . In Fig . 11 , 
reference symbol IF represents IR cut filter, LF is a low pass 
filter, reference symbol I represents an image plane of CCD that 
is an electronic imaging element and CG is a cover glass. Here, 
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the aspect ratio of an effective imaging area is 3:4. 

The optical system of the nineth embodiment comprises , in order 
from the object side, the first lens group Gl, an aperture stop 
S, the second lens group G2 and the third lens group G3 . 

The first lens group Gl comprises, in order from an object 
side, a negative meniscus lens Lli having a convex surface 
directed to the object side and a positive meniscus lens LI2 
having a convex surface directed to the object side. 

The second lens group G2 comprises, in order from the object 
side, a positive meniscus lens L2i having a convex surface 
directed toward the objectsideas an optical element A, a negative 
meniscus lens L22 having a convex surface direcred toward the 
object side as an optical element C of the present invention, 
and a positive double convex lens L23 . 

The positive meniscus lens L2i and the negative meniscus lens 
L22 are constituted so that a medium (for example, chemical 
substance used in the elec trochromic element with the spectrum 
characteristic shown in Fig. 14) in which transmi t tance of light 
varies by chemical change according to the amount of electricity 
as a chemical substance B of the present invention is sandwiched 
between the image side surface of the positive meniscus lens 
L2i and the object side surface of the negative meniscus lens 
L22 . 

Moreover, a transparent electrode (illustration omitted) is 
arranged between the positive meniscus lens L2i and the said 
medium, and between the said medium and the negative meniscus 
lens L22 respectively. 

The third lens group G3 is consituted with a positive double 
convex lens L31" • . 
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In case that the magnification is changed from a wide angle 
end to a telephoto end at focusing infinite object, it is 
constituted that the first lens group Gl moves to the object 
side once after having moved toward the image side, the aperture 
stop S and the second lens group G2 move to the object side, 
and the third lens group G3 moves slightly to the object side 
once after having moved to the image side. At the time of focusing 
operation, the third lens group G3 moves on the optical axis. 

Next , data of optical members constituting the electronic imaging 
apparatus of the nineth embodiment is listed below. 
Numerical data 9 

ri= 68.7 182 

di= 0.7000 ndi=l. 74320 Vdi=49.34 

r2 = 4 . 922 6 (a spherical) 

d2= 2 . 0000 
r3= 7 . 6018 

d3= 1.8000 nd3==l. 84666 Vd3=23.78 

r4= 12 , 5682 

d4= D4 
r5 = oo (aperture stop) 

d5= 1.2000 
r6 = 3 . 853 9 (a spherical) 

d6= 2.0000 nd6=l. 80610 Vd6=40.92 

r7= 11.4000 

d7 =0.0500 nd7=l. 50000 Vd7=55.00 

r8= 11.9255 

de= 0,7000 nd8=l. 84666 Vd8=23.78 

r9= 3 . 1027 

d9= 0.4000 
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rio= 8.7087 



dxo =1.3000 10 =1.69350 

rii=-19.8010 (aspherical) 
dii = Dll 



^ d 10= 53 , 21 



Hd 12= 1 .48749 



Hd 14= 1 . 51633 



Hd 15= 1 . 54771 



ndi7=l. 51633 



ri2= 56.2848 

di2= 1 . 8000 
ri3= - 10 . 1230 

dx3 = D13 

ri4 = ^ 

di4=^ 0 . 8000 

. ris=~ 

di5= 1.5000 

ri6=oo 

di6= 0 . 8000 

ri7=oo 

di7= 0 . 7 500 

di8 = D18 
rx9=oo (image plane) 

di9= 0 

aspherical coefficient 
the second surface 
K= 0 

A4=-7.4624X10~^ =1.8315X10"^ 
Aio= 0 

the sixth surface 
K= 0 

A4 =-6. 2153X10"^ Ag =-5. 8247X10-^ 

Aio= 0 



V d 12=70 .23 



V d 14= 64 . 14 



V d 15= 62 . 84 



V d 17= 64 . 14 



A8= -2 . 6433 X 10""^ 



Ae= -3 , 0307 X 10"^ 
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the eleventh surface 
K= 0 

A4 =3. 1174X10""* As =-1. 9816X10"* A8=-2.9586Xl0~^ 

Aio= 0 
Zoom data 

DO (the distance of the first surface from the object ) is 00. 
wide angle end middle telephoto end 



f(mm) 4.55602 8.74739 12.96880 

Fno. 2.6761 3.6342 4.5240 

DO 00 00 00 

D4 13.12518 4.78440 1.50000 

Dll 2.53628 8.21322 13.04478 

D13 1.40000 0.89438 1.00537 

D18 1.20493 1.24272 1.29631 



The tenth embodiment 

FIG. 12 is a sectional view showing an optical arrangement, 
developed along the optical axis, at the wide angle position, in 
focusing of the infinite object point, when an optical path is 
bent, about the tenth embodiment of an electronic imaging apparatus 
according to the present invention. FIG.13A,13B and 13C are 
sectional views showing an optical arrangement, developed along 
the optical axis, at the wide angle, middle and telephoto position 
respectively , in focusing of the infinite object point, of an 
electronic imaging apparatus shown in Fig. 12. 

The electronic imaging apparatus of the tenth embodiment 
comprises in order from an object side an optical system having 
an optical component according to the present invention. 

In Fig. 12 and 13, reference numeral I represents an image plane 
of CCD that is an electronic imaging element and CG is a cover 
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glass. Here, the aspect ratio of an effective imaging area is 3:4. 

The optical system of the tenth embodiment comprises , in order 
from the object side, the first lens group Gl, an aperture stop 
S , the second lens group G2 , the third lens group G3 and the 
fourth lens group G4 . 

The first lens group Gl comprises , in order from an ob j ect side , 
negative meniscus lens Lli having a convex surface directed 
toward the object lens, a reflecting optical element Rl' for 
bending an optical path and a cemented lens having a double concave 
lens LI2 ' and a positive meniscus lensLla' having a convex surface 
directed the object side. 

The reflecting optical element Rl • is constituted as a variable 
form mirror which has reflecting surface Rll' and bends the optical 
path by 90° . A bending direction is a transverse direction. 

The reflecting optical element Rl ' is used as an optical element 
A of the present invention and it is arranged so as to contact 
with a medium (for example, chemical substance used in the 
electrochromic element with the spectrum characteristic shown 
in Fig. 14) in which transmi t tance of light varies by chemical 
change according to the amount of electricity as the chemical 
substance B of the present invention, and a thin transparent 
protecting film layer is coated to the medium, whereby one optical 
component as a whole is constituted. 

Moreover, a transparent electrode (illustration is not shown) 
is arranged between the reflecting surface Rli' of a variable 
form mirror and the said medium, and between the said medium 
and the thin transparent protecting film layer respectively. 

The second lens group G2 comprises , in order from the object 
side, a cemented lens which is constituted with a positive 
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meniscus lens L2i having a convex surface directed toward the 
object side and a negative meniscus lens L22 , having a convex 
surface toward the object side, and a positive double convex 
lens L23 . 

The third lens group G3 comprises a negative meniscus lens 
L3i"" having a convex surface directed toword the object side. 

The fourth lens group G4 comprises a cemented lens which is 
constituted with a negative meniscus lens L4i" having a convex 
surface directed toword the object side and a positive double 
convex lens L42" . 

In case that the magnification ratio is changed from a wide 
angle end to a telephoto end at focusing infinite object, it 
is constituted that the first lens group Gl is fixed, the aperture 
stop S and the second lens group G2 move to the object side, 
the third lens group 63 moves to the object side once after having 
moved the image side and the position of the fourth lens group 
G4 is fixed. At the time of focusing operation, it is constituted 
that the fourth lens group G3 moves on the optical axis. 

Next, data of optical members constituting the electronic imaging 
apparatus of the tenth embodiment is listed below. 
numerical data 10 

ri= 15.5466 

di= 0.7000 ndi=l. 77250 Vdi = 49.60 

r2=4.8517 (aspherical) 
da = 1 . 7 0 0,0 

ra = 00 

d3= 6.8000 

r4 = 00 

d4 = 0 . 1500 
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-27 . 3963 

d5= 0.7000 nd5=l-74320 Vrt5=49.34 

4.8487 

d6= 1.2500 nd6=l. 80100 Vd6=34.97 

45.1811 

d7 = D7 
(aperture stop) 

d8= 0 

4.4863 (aspherical) 

dg =1.8000 nd9=l. 74320 9 = 49. 34 

11.0000 

dio= 0.7000 ndio=l. 84666 Vdio=27.38 

4.2567 

dii= 0.5000 
10.7453 

di2= 1.6500 ndi2=l. 72916 Vdi2=54.68 

- 14 . 5935 

di3 = D13 
12 .7727 

di4= 1.0000 ndi4=l. 48749 Vdi4 = 70,23 

20.3281 

di5 = D15 
58.0852 

di6= 0.7 000 ndi6=l. 84666 Vdi6=23.78 

6.5000 

di7= 1.4500 ndi7=l. 74320 Vdi7 = 49.34 

-51.3433 (aspherical) 
di8= 0 . 7 000 

CO 
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di9= 0.6000 nd 19= 1 . 51633 Vdi9=64.14 

d2o=D19 
3^21=^ (image plane) 

Cl21= 0 

a spherical coefficient 
the second surface 
K= 0 

A4=-3.1826X10~* A6=-1.6763X10~^ Ae =-7. 7198X10"'' 

Aio= 0 

the nineth surface 
K= 0 

A4 =-6. 9648X10"^ Ae =-8. 0348X10"^ A8=-1.6092XlO~^ 

Aio= 0 

the eighteen surface 
K= 0 

A4 =6. 1299X10"^ A6=5.4502XlO~'* A8=-6.3390XlO"^ 

Aio= 0 
Zoom data 

DO (the distance of the first surface from the object ) is 00. 
wide angle end middle telephoto end 



f (mm ) 


3 


.25820 


5 


. 63973 


9 


.74758 


Fno . 


2 


.6621 


3 


. 5594 


4 


. 5487 


DO 




00 




CO 




00 


D7 


10 


. 78027 


5 


.543 80 


0 


.89779 


D13 


1 


. 09990 


10 


. 18514 


1 


.29971 


D15 


5 


. 62926 


1 


.79170 


15 


.31194 


D20 


0 


. 99998 


0 


, 98447 


0 


.99998 



Next, the parameter values of conditions (1) - (4) in the 
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first to the fifth , the nineth and the tenth embodiment and the 
index of refraction of a prism are shown in Table 1 and Table 
2 . 

Although Table 1 and Table 2 show only the maximum and the 
minimum value of transmi t tance , the mean value of those values 
can also be taken continuously. 



Table 1 





First 
embodiment 


Second 
embodiment 


Third 
embodiment 


Fourth 
embodiment 


Fifth 

embodimen t 


(Ra-Rc) / (Ra + Rc) 












r 440/ r 520 
(at r max) 


0.951 


0 . 951 


0.951 


0.951 


0,951 


r 600/ r 520 

(at T max ) 


0.994 


0.994 


0.994 


0.994 


0,994 


r440/r520 
(at r min) 


0.917 


0.917 


0.917 


0.917 


0,917 


r 600/r520 
(at r min) 


1.028 


1.028 


1.028 


1.028 


1.028 


r 520 

(at r max) 


0.81 


0 . 81 


0.81 


0 . 81 


0 . 81 


r 520 

(at T min) 


0.18 


0 . 18 


0.18 


0 . 18 


0 . 18 


Fno . 

(at the shortest 
focal distance) 


2.5426 


2.6413 


2.6768 


2 . 8592 


2 . 8339 


pixel pitcha 
( U m) 


2 . 5 


2 . 2 


2 


2 


2 


refracting 
power of of prism 








1 . 8061 


1.80518 
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Table 2 





Nineth 

embod imen t 


Tenth 

embodiment 


(Ra-Rc) / (Ra+Rc) 


-0.023 




r 440/ r 520 
(at r max 


0.951 


0.951 


r 600/ r 520 
(at r max) 


0.994 


0 . 994 


r440/r520 
(at r min) 


0.917 


0 . 917 


r 600/ r 520 
(at r m i n ) 


1.028 


1.028 


r 52 0 

(at r max) 


0.81 


0.81 


r 52 0 

(at r min) 


0.18 


0.18 


Fno . 

(at the shortest 
focal distance) 


2.6761 


2 . 6621 


pixel pitch a 

( H m) 


2 


2 


refracting power 
of prism 







Fig . 15 and 16 are outlined diagrams of the digital camera equipped 
with an electronic imaging apparatus according to the present 
invention. Here, Fig. 15 is a front perspective view of the digital 
camera showing external view and Fig. 16 is a rear perspective view 
of the same. In addition, the digital camera shown in Fig. 15 
has constitution in which the photograghing optical path is bent 
in the traversed direction of the main part of the digital camera . 

In the case of this example, the digital camera comprises a 
photographing optical system 1 having the photographing optical 
path 2, the finder optical system 3 having an optical path 4 
for the finder, a shutter 5, a flash 6 and a liquid crystal display 
monitor 7, etc. When the shutter 5 arranged on the upper part 
of the camera is pressed, with interlocking operation 
photographing will be performed through the photographing 
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optical system 1, for example, via the optical system for 
bending optical path of the first embodiment. 
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